(Received for publication January 8, 1937) Osteomalacia is a bone disease more commonly seen and with greater clinical 'implications in North China than elsewhere (1, 2, 3) . The principal cause of the skeletal demineralization resides in vitamin D deficiency, a combination of its lack in the diet and exclusion of sunlight. By reason of such deficiency, calcium given by mouth fails to be absorbed. Poor intestinal absorption rather than excessive elimination is incriminated because it has been demonstrated by the studies of Hannon et al. (4) that the endogenous calcium metabolism in patients with osteomalacia on low intake is within normal limits and that calcium administered parenterally is largely retained. Under such circumstances while the endogenous destructive activity in the bones may not be excessive, the reparative process is very much interfered with through defective intestinal absorption so that skeletal decalcification inevitably ensues. The limited intake of calcium in common Chinese dietaries (5) , and periods of mineral stress incident to pregnancy and lactation are some of the contributing factors that enter into the pathogenesis of osteomalacia.
Studies of the effect of vitamin D in the treatment of osteomalacia (4, 6) demonstrate the remarkable'conserving action of vitamin D on calcium and phosphorus metabolism. As a result of its administration, intestinal absorption is promoted and endogenous elimination is decreased so that large quantities of calcium and phosphorus are available for deposition in the bones. The actual amount of calcium and phosphorus retained depends upon the level and ratio of intake of these elements. It has been shown in two patients with osteomalacia undergoing reparation initiated by vitamin D (7) that calcium retention varied directly with calcium intake while phosphorus retention was limited by both calcium and phosphorus intake. Fecal calcium likewise varied directly with calcium intake while fecal phosphorus was parallel with both calcium and phosphorus intake. When calcium supply is limited in relation to phosphorus (low Ca: P ratio) practically all the calcium absorbed is deposited, none appearing in the urine. On the other hand, when phosphorus supply is short compared with calcium (high Ca: P ratio), all the available phosphorus is retained and urinary phosphorus vanishes. Conservation of excretion through the urinary tract and efficient absorption through the intestinal canal account for the markedly positive balances in osteomalacia when reparation is brought about under the influence of vitamin D.
Similar observations on the effects of variations of the levels and ratios of calcium to phosphorus intake on their serum levels, paths of excretion and balances have been made on another patient with healing osteomalacia. But in contrast to the previous patients who received vitamin D only prior to the observations, the present subject was given vitamin D throughout the entire study so as to obviate any uncertainty in ascribing the metabolic results obtained to vitamin D action. Moreover, attempt was made in the present study to secure more nearly metabolic equilibrium by using three 4-day periods for each level or ratio of dietary intake. The data obtained from this patient, together with those from another subject having syphilitic osteitis of right radius and tibia without general metabolic disturbance, taken as a control, constitute the basis of discussion in the present communication.
PROCEDURE
The clinical histories of the two subjects are briefly described in the appendix. Subject Calculation df the acid base balance of the diets according to Sherman (9) showed that all the diets were potentially acid with relatively small variations, but the computation should be considered only approximate, because of'the uncertainty of the applicability of Sherman's figures to local foodstuffs.
Stool and urine respectively of each period were pooled for analysis. Venepuncture was done before breakfast at the beginning of each period. Metabolic ward routine and analytical methods for calcium, phosphorus and nitrogen of food, urine, stool and blood were described previously (7).
RESULTS
Serum calcium and phosphorus. As seen from ing from 8.7 to 9.6 mgm. per 100 cc. and the trend bearing no apparent relation to the dietary changes. The serum inorganic phosphorus level, however, varied from 2.9 to 5.3, a difference of 2.4 mgm. per 100 cc. The phosphorus level, beginning at 4.3 mgm. per 100 cc., gradually went down to 3.0 as calcium intake in the diet was stepped up to 1.7 grams (Period 4). While the calcium intake was maintained at this high level, the phosphorus curve began to climb as vitamin D was given, and rose to a maximum of 5.3 as the phosphorus intake was progressively raised (Period 15). The phosphorus curve showed a second drop in Periods 18 to 20 when the phosphorus intake was suddenly decreased to a minimum, and a subsequent recovery to the high level in Periods 27 to 29 when high phosphorus intake was restored. When calcium intake was maintained at a lower level, namely, 1.0 gram as in Periods 30 to 41, similar changes in the phosphorus intake brought about a repetition of the cycle of events in the serum phosphorus curve, but to a lesser extent. But when the calcium intake was kept minimal (Periods 42 to 53), lowering of the phosphorus intake failed to elicit any significant change in serum phosphorus. In other words, serum phosphorus varied more with the ratio of calcium to phosphorus than with their actual levels in the intake. Whenever the ratio is high serum phosphorus drops. In Subject 2 ( Figure 2 ) the serum calcium level was also relatively constant, varying from a minimum of 9.0 to a maximum of 10.2 mgm. per 100 cc., irrespective of the calcium and phosphorus intake. The serum phosphorus, compared with that of Subject 1, showed much less fluctuation, ranging as it did between 3.9 and 5.1 mgm. per 100 cc. Moreover, the trend of variation with dietary intake seemed to be opposite in direction to that seen in Case 1. When the calcium supply was short in relation to phosphorus (low Ca: P ratio), the serum phosphorus tended to fall with a subsequent rise when calcium intake was stepwise increased. However, the changes observed were not sufficiently pronounced to render their significance indubitable.
From the above observations it may be con- Fecal calcium increased consistently with the calcium intake, having little relation with the phosphorus supply, while fecal phosphorus was directly related not only with dietary phosphorus, but also with dietary calcium. Intestinal elimination of phosphorus, then, depends not only on its supply in the diet, but also on the amount of calcium presented in the intestine for excretion.
In Subject 2 ( Figure 2 and Table III ) similar results were obtained. The magnitude of urinary calcium excretion was greater, and it never disappeared, even when the supply was minimal in the presence of large'phosphorus intake (Periods 19 to 21). Likewise, when phosphorus intake was minimal in the presence of excessive dietary calcium, urinary phosphorus, though decreased, was still considerable, compared with that in healing osteomalacia. The fecal elimination of calcium and, to a lesser degree, of phosphorus in Subject 2 was greater also, but the correlation between the intake of calcium and phosphorus and their output in the stool was just as close. In addition to the tendency for fecal phosphorus to vary directly with calcium intake, there was a level of calcium intake, progressive increment of dietary phosphorus up to 922 mgm. per day resulted in a slight ascending tendency in the calcium balance, but further increase to 1163 mgm. failed to improve the calcium balance which, in fact, fell somewhat at the latter level of phosphorus intake. Corrected phosphorus balance likewise depended more on calcium than on phosphorus intake. When calcium intake was raised from 164 to 1672 mgm., the average phosphorus balance increased from -50 to + 174 mgm.; whereas various levels of phosphorus intake made no striking difference to the phosphorus balance except in the case of minimal phosphorus intake where negative balance prevailed.
Balance data on Subject 2, summarized in Table V, show essentially the same findings, namely, the greater importance of calcium as the limiting factor in both calcium and phosphorus balances. However, on a minimal calcium intake of 145 mgm. he lost on the average 174 mgm. per day in contrast to Subject 1 who gained 47 mgm. on an intake of 164 mgm. The degree of calcium loss on a minimal intake in Subject 2 was within normal limits (11) , while the behavior of Subject 1 was usually conservative. Thus the latter stored approximately 95 grams of calcium and 43 grams of phosphorus in the period of 200 days, equivalent to 15 per cent of the stores which should be in the body, in contrast to the control patient who retained only 5.9 grams of calcium and 4.8 grams of phosphorus in 108 days.
Examination of the ratios of calcium to corrected phosphorus balance (Table II) shows that they are above 2 in the majority of instances, and above 3 in several instances, bearing no close relationship with the ratios of intake. If we accept the 'mineral composition of normal bone as CaCO3.2Ca3(PO4)2 according to the x-ray analysis of Roseberry, Hastings and Morse (12) , then the ratio of Ca: P should be 2.26. The fact that the ratios of retention in Subject 1 were usually higher than that prescribed for normal bone would suggest that more calcium was deposited as CaCO3 than Ca5(PO4)2 in the new bone formation or that calcium suffered to a greater extent than phosphorus during the prior demineralization. As to the actual amount of calcium retained, the maximum was 752 mgm. (or 45 per cent of intake) on an intake of 1672 mgm. calcium and 922 mgm. phosphorus giving a ratio of 1.83 (Table IV) . This happens to be also the level and ratio of intake associated with the largest retention of phosphorus, namely, 301 mgm. (or 32 per cent of intake). Thus both calcium and phosphorus have to be given at fairly high levels with a ratio approaching 2 in order to secure maximal retention of both elements. Otherwise, the ratio made very little difference to the calcium balance which'depended mainly on the level of intake, in conformity with the work of Shohl (10) .
DISCUSSION
The present results obtained with the patient with osteomalacia receiving continuous administration of vitamin D are in entire agreement with those of previous studies on patients whose treatment with vitamin D was discontinued after relatively short periods of 4 to 6 weeks when its maximum effect had been attained. T-he behavior of serum calcium and phosphorus, the manner of conservation of these elements through the urinary and intestinal tracts, the ability of the patients to maintain positive calcium balance on minimal intake and to retain large amounts of it on higher levels of intake, and finally the relatively greater importance of calcium intake rather than phosphorus intake as the limiting factor in both calcium and phosphorus "retention are essentially the same in both instances. Thus vitamin D, once given to the extent of its maximum effect, will maintain its action unabated for at least several months after its discontinuation, and its continuous administration in the treatment of osteomalacia does not seem to offer any substantial advantage.
In the therapy of osteomalacia, while vitamin D administration corrects the basic metabolic defect, it is essential that both calcium and phosphorus be given at fairly high levels, preferably with a ratio of approximately 2 in order to promote large retention of both elements and t1prefore rapid restoration of the mineral contents of the depleted osseous system. With ordinary Chinese dietaries which are low in calcium and fairly high in phosphorus, the desired high level of calcium intake has to be supplied as calcium salts, while that of phosphorus intake can easily be taken care of by the diet.
The behavior of the patient without skeletal decalcification resembles that of patients having healing osteomalacia in respect to the reciprocal relationship between urinary calcium and phosphorus, the approximately parallel relationship between stool calcium and phosphorus, the dependence of both calcium and phosphorus balances on calcium intake, and the slight effect of phosphorus intake as a limiting factor in both calcium and phosphorus retention. On the other hand, he differs in that the serum phosphorus is relatively more stable toward dietary changes, and in that the magnitudes of urinary and stool excretion of calcium and phosphorus are greater, resulting in negative balance on low intake and only slight retention on higher levels of intake. These differences are but an expression of the fact that in a relatively normal individual measures of mineral conservation are less urgently in need of application. SUMMARY 1. In two patients, one with osteomalacia under reparation and the other with syphilitic osteitis of radius and tibia, the serum levels of calcium and phosphorus, paths of excretion and retention of these elements were studied in relation to their levels and ratios of intake.
2. Serum calcium was fairly constant in both cases, while serum inorganic phosphorus tended to lower with a higher ratio of Ca: P intake in the first patient. No such variations were demonstrable -in the second patient.
3. A reciprocal relationship between calcium and phosphorus in urine was shown in both instances. Whenever the Ca: P ratio in the diet was high, urinary calcium increased, while urinary phosphorus diminished. An opposite change in the ratio resulted in a diminution of urinary calcium coinciding with a rise of urinary phosphorus. 4 . Fecal calcium and phosphorus varied with their respective level of intake, while fecal phosphorus was also partly dependent on calcium intake.
5. Retention of either calcium or phosphorus depended more on the calcium than phosphorus intake, although both had to be supplied in fairly large quantities with a Ca: P ratio of approximately 2 in order to realize maximal retention of both elements to promote efficient repair of skeletal demineralization in osteomalacia.
6. The present study with prolonged administration of vitamin D revealed no essential difference from the previous work with limited vitamin D therapy, showing that the effect of vitamin D lasts long after its discontinuation. CASE HISTORIES Case 1. H. F. M., a Chinese housewife of 32, was admitted on August 28, 1935 for pain in back and legs and difficulty in walking. These began 7 years prior to admission when she had her first pregnancy. Labor was spontaneous but lasted for more than 24 hours. After that she had periodical exacerbations of the above symptoms in winter and spring when she kept herself indoors. The second pregnancy occurred 4 years after the first and resulted in a seven months' premature labor lasting more than 48 hours. Henceforth symptoms became worse. She could neither stand on her feet nor walk without support. Her diet had always been extremely poor. In the cold months she lived on cereals and salted May 2, 1936 . Besides the dietary treatment and vitamin D administration she also received physiotherapy in the form of exercises for extension of the hip and spine and infra-red irradiation. At the time of discharge she could walk fairly well without support, and x-ray of bones revealed definitely increased density. Case 2. L. Y. S., a Chinese man of 24, entered on July 13, 1934 for swelling and lengthening of the right leg of 8 years' duration and of the right forearm of two years' duration. Onset was insidious without history of injury. He had occasional low grade fever and pain after prolonged walking. He had had venereal exposures.
The patient was found to be slightly undernourished. Body weight was 42.2 kgm. and height 159 cm. His right leg was 5.5 cm. longer than the left and also bigger especially in the lower part. There was slight tenderness over the right tibia, and the overlying skin was slightly warmer than that of the left side. The knee and ankle were not involved. Right forearm was 1.5 cm. longer than the left. The elbow and wrist were free. Other physical findings were essentially normal. X-ray of the bones showed irregular areas of condensation and rarefaction in the cortex involving the entire length of right tibia and radius. 3, 1935) . Subsequent intensive antisyphilitic treatment to date has given rise to marked improvement in the bone lesions.
